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Relating Absolute Value and Distance

> DEFINITION 1 Absolute Value

____________

—x  ifx<0 |-3 {=-(-3} =3
x| =

| T ———

X ifx=0 4=4

Note: —x 1s positive if x 1s negative.
p g

Example: Write without the absolute value: ¥ 4
Note:
(A)|m —=3|=m — 3 Ar= 3-W o
B)3—m=-3-m=m—3 R = 2
LS\ Ve
RemarKe  |p—qg|=|a— b

> DEFINITION 2 Distance Between Points A and B

Let 4 and B be two points on a real number line with coordinates a and b,
respectively. The distance between 4 and B is given by

d(4,B) = [b — 4

This distance is also called the length of the line segment joining 4 and 5.

Example: Find the distance between given points
A)a=4b=9 B a=9.b=4 (Ca=0>b=6
Solution:

RewarKe

d(A, B) = d(B, A)

(A) ————F—+——+—+—
A

o @7
\/
>

(B +—A—4—""F+—4%—"4+—1+—+—+—4+—+>x
B



d(A, B) — |6 - O| . |6| =6 QQM'\G\T‘\( -

’ A \ d(0.B) = b — 0| = |b
(C) —4——+—F—+—+—+—+—+—+—+—>x (# ) = | | = |b|
g‘ P 10 Joat¥) ddass

Example: Express each verbal statement as an absolute value equation or inequality.

(A) x 1s 4 units from 2.
(B) y 1s‘less than 3 units form —35.
(C) ¢ 1s no more than 5 units from 7.

(D) w 1s no less than 2 units form —1.

SOLUTIONS

(A)idx,2) =1 |x —2/ =4
B) | d(y, =5) = | |y +5/<3
©) idt,7) =it —7=E5

D) | dw,—1) =1 [w+ 122

e



Solving Absolute Value Equations
and Inequalities

Steps for Solving Absolute Value Equation:

o Isolate the absolute value

o Analyze the equation " Is it possible to solve?"

s Solve the equation

e (heck your answer

Example: Solve the following Equations
1) "X-S‘: S)
Skepd ¢
Shep2 o
Step 3 %
©-3=S5 or @(x-3)=5
v =5+3 or -%X+43=5
L= B o¥ -¥X=5-3
-%= 2

»=_2
Shep 1 :

K- X= °
\%—3‘:5
|Sl=5
5 =5

oo K= i"zt 3j
&jﬂ\\fw

ey ol AV (e
ie gandl .

Set notation yY

&

S 13) ddaa e
2ae (5 glud Aol
Ualadls L
ST

aallaall allall Cay yad Guaty

) il




2) l3x-7F|+F=2
Stepts 13%-72|=2_-%

l -1\ = ‘
3\"-?2: Ne So\w\'iov o ¢

33 ‘31 —q’|+4 ::q
3“&9’1: \34(.—-4 ‘: CI-ZZ
|3’K—4\ = 2

Shep 2
SkepBde  3%-F=2 or 3% -F)=2
S%z=2+TF ov -3Ix1F=2

3x-9 or -3xn= 2-F

x="3 oY -3%=_9
S‘\'Q?‘-\% % = 5/3

33 =
F3prt 12. & -zl =2
\a-3F\- 2 ol
‘ |s-3) =2

21 = 2 o) o

. 2L -2l =

2 = 2



Steps for Solving Absolute Value Inequalities:

o Isolate the absolute value
¢ Analyze the Inequality " Is 1t possible to solve?"
» Solve the absolute value inequality
o Check your answer
Example: Solve the following Inequalities
D |x-3] <5
StebPl o
Slep 2
StepB3: %-3 <5 and -(%-3) LS
YL 53 amd  -% 43 LS
v <3 and Sk < 5-3
- 4L 2
®L > -2
Stepy s
X <] % > -2
| 3-31 49 |-1 231> -2
) 4\ ¢ 5 [-4 | > -2
4y £ 5 workKy y > -2

- x-(-2,8)

&
& il 138 o — b =S

. i , 3 g
e ) BY) (e

5 yull daal yiall 3825 Yo 5 A Gule dae V) aes
Interval notation

&

il 1) -ddaa e
oo J8) daal il
OsS jiall
Jdall dlintia

die -adas D
=
A2z Aaad yiall

Gan) il 3 L)

Wwovrk 8!



2) ol lx-3l¢5s

o\ x-3|

oYy

-3\ > 0O

T—F ¥=3 ‘then
13-3\ >o

lol > o
o Y o claam{‘Wark

So %= (-23) U (3, 8)

2) \x-3l 55
Step 1 : 4
Shep 2 [

l -3\ <SS

Gl QB b Lela 3
IS Al s

£ |
\ T 1 U 1 1 » X
-2 3

x= (-2,8)

00 =

Skep 37 %-3 >SS er - (x-JK S

> 943 o
xS B or

P U ¢

-%+3 <5
- U< 5-3
_’¢<2



Form (d > 0) Geometric interpretation Solution Graph

d d
Ix — ¢| = d Distance between x and ¢ is {¢c —d,c+ d}= Sel netaition ¢ ; ¢ > X
equal to d. c—-d ¢ c+d
Ix — ¢/ < d Distance between x and c is ‘, (c —d,c+d) Tvilesrva\ ¢ " 3 > X
less than d. oo i Miaw - c—d ¢ c+d
4
0 <|x —¢| <d Distance between x and c is (c—d,c)U (c,c +d) ¢ S ) > x
less than d, but x # c. c—-d ¢ c+d
Ix — ¢| > d Distance between x and c is L (—%,c —d) U (c + d,») < } } ¢ > X
greater than d. c—d ¢ c+d

> THEOREM 2 Properties of Equations and Inequalities Involving |x|

For p > O:

1. |x|‘p is equivalentto x =p or ‘x = —p. —F——>x
-p 0 p

2. x| <p i1sequivalentto —p < x < p. e —
-p 0 p

3. x> p isequivalentto x < —p OF X > pP. e+ fop X
P 0 p

> THEOREM 3 Properties of Equations and Inequalities Involving |ax + b|
For p > 0:

I. l[ax + b|=p is equivalent to ax +b=p or ax+ b= —p.
2. lax + b| < p 1s equivalent to —p < ax+ b <p.
3.lax + b| > p 1s equivalent to ax +b < —p or ax+ b >p.



Continuous: Solving Absolute Value Problems

Example: Solve each equation or inequality

A\ \37‘- -\-5\ = 4
C) laa-11¢< 3

® |zl <s

MIF-3d <2

So\u\—iof\. . S\'ﬁQ A and SXQ—?"B. are. done .

StepR ¢
By applying definition, | Q). |3« +S|@ 4|_, By applying thcorem3
3n,s5-4 or -—(3x+5)=4 |
3k =4-5 or -3%-5=4 [3x+5=YH or 3x+S-.-4
3x--1L or -3%.9 |[3x=¢4-5 08 3 =-9
X = -.\.é oY X = - oV 1= -3
Sk_\)\-\'g Check |1
- N= 1‘\31“3}3
® \«las
s and _x L5 FRHERAS
xYy -5 - K= (-5,6)
Stepus@ Check!
i n- (-555) e
Y/‘//j'}///i

-5 (o) 5



© 122-1183

2%\ £ 3 and _(2x-1)<K 3} 3L 24-1< 3

24l € 2% < 3+

2x <4 oand 2x41 23 YO ETET

x22L and -2%122 _l < x &2

- <1
£y -
step i@
e = (-1, 2.)
=)
—-\ 0 1
L ](’DS \:‘-375‘ L2 ‘
H-W

-2 -2 7
2 £ F-3 42
-1 £-3% <& -5

ER AR %

S<x <3

3
p o K= [53. .3
S ibaY 1

B.C.D



Example: Sc\we We Qo\\ouo{‘/\.& o
@ lzl 53
A>3 or <L -

(-06,-3) U (3/08)

® l2z 113 3

22\ 2 3 o 2%-1 L -

2% >3+l or 2% < -3¢+1
2% z 4 or 2% < -2
vz A oY ©x < -1
&

& K= (=00, -1]U L2, 00)

) |F_zxl>2
+-3%x >2 or 3F-3K<K-2
BU >2-F or _3r«L_a2_-7F
3y -5 or _3wv < _9

%4_53_ or x> 3B

o %= (-0, 3) U(3,04)



Example: Solvwe \dau\ = 3% -9 f

ey = 3%-  oFY _(x+4d) = 3L_Q Ulasal) 53 8 1 adaale
4,k Gl (SaY
aallaal) Al jatliad
U +38 = 8% -« oY -xXx =Yy = 3x -3 iR iy apa gl

Loalad ¥ Sieg 18 gAY

12 = 2%« oY Y48 2 BULE i iseas
Al
6= ¥ or y = y K
A = %
Checke L
Y= 6 v N NW 1 Se\Wn
| 6+u] = 3(6) -2 | Leul=201-2 \3x-u\ = 245
\lO\ —h \2_2 \5\ = —66
e = \o Vv S # -
& o= 1ET

Absolute Value and Radical Inequalities

Definition: Fer owy weal nuwmber

= . i
For example ¢

Nar = Vear =vVy = 2

2 B X 30

Remorit s Vet = | 2




Example: So\Wwe \f (x-)2 £S5
So\u.\:'\o\'\?. \ ’L’.—il < 5
_S <E-L £S

<
~—Sx2 <L g SYL

.- L —— (gu) aliy) sddasda
i
AS yall Aas Y SYBLY

= o [y




Unit 2: Complex Numbers
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Complex Number

> DEFINITION 1 Complex Number
A complex number is a number of the form
a + bi Standard Form

where a and b are real numbers and i is called the imaginary unit.

Some examples of complex numbers are

3—-2i 54 5i — 3
0+3 5+0i 0-+0i

The notation 3 — 2i is shorthand for 3 + (—2)i.

> DEFINITION 2 Special Terms

i Imaginary Unit

a + bi a and b real numbers Complex Number

a + bi b#0 Imaginary Number

0+ bi = bi b#0 Pure Imaginary Number
bi Imaginary Part of a + bi
a+ 0i =a Real Number

a Real Part of a + bi
0=0+ 0; Zero

a — bi Conjugate of a + bi

The relationship of the complex number system
to the other number systems:

Complex numbers (C)

NCZCQCRCC

Real nunlwbers (R) Imaginary numbers
I |
Rational numbers (Q) Irrational numbers (/)
| |
Integers (Z) Noninteger ratios of integers

Natural numbers (N) Zero  Negatives of natural numbers



Examplel:

Identify the real part, the imaginary part, and the conjugate of each of the following
numbers:

(A) 3 — 2i (B) 2 + 5i (C) 7i (D) 6

Real Part  [Imaginary par{y Conjugate Cildandle
3 _2L 3+2L 45 )il LAt ¢ all 3l
2 5( 2_5L
o | # |- Sk
¢ O & e

Operations with Complex Number

> DEFINITION 3 Equality and Basic Operations

1. Equality: a+bi=c+d ifandonlyif a=candb=4d
2. Addition: (a+ bi)+ (c+di)y=(a+c)+ (b+d)
3. Multiplication: (a + bi)(c + di) = (ac — bd) + (ad + bc)i

Example 2: Carry out each operation and express the answer in stand

form
(AY (2-3V) 4 (& xab) (B) (-5 anl)y (o+al)
©)  (F-3) - (Cr) ) (-2+7F)x (2-F0)

Solution

(A) ("l-%‘\x x LQ-\- 11.-\ = 2.——6L .\.é’\-ll..a
= (2+6) 1 (342U
R =



B) (S ¢ud) 4 (0x0l) = _ 5.0l 40100
= _ S5y At
() (F_3L)— (6+20) = F _3L _g —2AL
= (F-6) x (=3 -2)L
= 1 _-5L
®) (24 4+ (230) = 22, 4+2_FL =0

Example 3: Carry out each operation and express the answer in
standard form

Ay (2-3L) (6 +20) (B 1(3-5L)
©) ((1+0) Y (3+w) (3-u4l).
Sc\uA-'xc:Y\Q

m. . o -2
B) (2-3)(Lx20) = \L 4+ 1L _\RL _ €L
N—__ 7

_ 12wl _ £ (A1)

= \8 ,lLlL
(B) L(3-8L) = 2-5L
¢ . . 2 R JSEN Jhaes Jad
) L(1+L)=Lal L A - _1.¢

(D) (2+ui)(3-Hi)=z O 121 120 _L"
= 9 _ (A
= a1 l6 = 25



> THEOREM 1 Product of a Complex Number and Its Conjugate

(a + bi)(a — bi) = a’ + b? A real number

ARYS 438) ja

, 2
For exawmple ¢ CRauit) (31 - 31-\ a = R\EC=92S

Remarks

For any complex number a + bi,

1(a + bi) = (a + bi)l = a + bi

or multiplicative

| inverse
) is the reciprocal of a + bi a+ bi #0
a + bi
(ol s sSaall

Example4: Reciprocals and Quotients

Write each expression in standard form:

A) ®)
2 + 3i L+
Solution:
11 2-3i | 2-3i 2-3i!
24+3i 2+3i 2-3i | 4-97 4+9

________________________________

2-3 2 3

13 13 13

2 3
CHECK 2430 - Zi)|l=Z— it —i— i
( ”(13 13’) 13 13" 13t 13!

ad) 4y B (aa
ot ) die
438 44 g danll
b pdilia aadaiad
bsags
(99 gy
Gkl dalal)
Gl & ghad

veo\

&

oo sSaall iS5 S
Apdl) 3 ) guall 8
Y A€ yall Alae S
G4 ye 8 Al 5
REA|



T =3 7-3i 1—i |
(B) = ' |

1+i  1+i 1—i 1 — i
4 — 10i ,
= =2 — 5
2
CHECK 1+H2—5)=2—-5+2—5*=7—3i
Natural number powers of i take on particularly simple forms: ’
. . N -
@ P=i= i =@ £ o) any ol s
2 6_ A4, 2 i 1 gl JJSZU
i = C=r =) =@ wonoSicsd
P =it-i=(—1)i=6EP =10 P = 1(—i) =P fol

o~

f=-f=(-1)-1)=1 P=i-i"=1-1=@

Example 5: Fivaluate each the following: oY) i s Jall 45 ha
= 1 ] Sl aslig e e

(A L = L =L SO vE: Y+ A

- 24 .0

L = L =z l 24 = U xéG £+ O

.3% .2

L = L - - 1 3% = 4 XA +2.

- 43 3

L

1"
o,
\

i

qF= Ux\ +D

Relating Complex Numbers and Radicals

/< -Viva Vo

> DEFINITION 4 Principal Square Root of a Negative Real Number

The principal square root of a negative real number, denoted by V —a,
where a 1s positive, is defined by

V—a=iVa V-3 =iV3 V=9 = iV9 = 3i

The other square root of —a,a > 0,1s =V —a = —iVa.



Complex Numbers and Radicals

Write 1n standard form:

-3 - V-5

(A) V-4 B) 4+ V-5 (©) (D) T V=%

2

SOLUTIONS

(A)V—4 = iV4 =2 B)4+V-5=4+iV5
3o VS 3-iVs 3 VS

2 2 2 2
] 1 1.1 + 3i)
1 —V=9 1-3i (1-—3i)-(1+3i)
1+3i 1+3i 1 3
= = R
1 — 94 10 10 10

(©)

(D)

> Solving Equations Involving Complex Numbers

Equations Involving Complex Numbers

(A) Solve for real numbers x and y:
B+ 2)+ (29— 4)i=—4+6i
(B) Solve for complex number z:

(3+2i)z—3+6i=8—4i
SOLUTIONS

(A) Equate the real and imaginary parts of each side of the equation to form two

equations:
Real Parts Imaginary Parts
3x+2=-4 2y —4=6
3x = —6 2y =10
x= -2 y=235
B)B+2)p—3+6i=8—4i Add 3 — 6i to both sides.
3+ 2)z=11 — 10i Divide both sides by 3 + 2i.
11 — 10i
z = 3+ 25 Multiply numerator and denominator by 3 — 2i.

~ (11 = 10i)(3 — 2i)
(3 +2i)3 - 2i)
13 — 52

13

=1 —4i

Simplify.

Try to solve it



Functions

& Definitions
a Ways to representing functions

Evaluating functions

ﬁ Domain of functions




Functions

@ What is a function?
INPUT x

A RBunckion 1g oW wnapep *{

Prodk )‘*‘\(:5 ‘:: ik amal |jFUNCTION f

TR 1T

OUTPUT f(x)

A functions may be defined by:

o Arrow Diagram

e Set of ordered pairs

» An Equations Functions

o Graph

Functions Defined by Arrow Diagram

To be function: For each element in the first set there L
correspond one and only one element
in the second test
Domain: First set

Range: Second Set

X % 4 % 3
l
A >5
2 [
i H A 9 5,6
4 < 5 L
Y y &
Function: Yes Function: Yes Function: No
Domain: {1,2,3,4} Domain: {1,2,3,4} Domain:
Range: {5,6,3,2} Range: {69392} Range:



« Functions Defined by Set of Ordered Pairs

To be function: No ordered pairs have the same first
component and different second
component.

Domain: First component

Range: Second component

Determine whether each set specifies a function. If it does, then state the domain and
range.

(A) S ={(1,4),(2,3),(3,2), (4,3), (5,4)}
B) T={1,4),23),3,2),2.4, (1,5);

A) B)

Function: Yes :
Function: No

Domain: {1,2,3,4,5}
Range {2,3,4}

Domain:

Range

Functions Defined by an Equations

To be function: For each value of independent variable x
there correspond exactly one value of
dependent variable?

Domain:Set of all possible real x-value which will make
the function “work” or “defined”

Range: Set of all y-value corresponding to domain value.




Example: b
M= xia 2 Y= & =3
*1d ~ |9 x| Y

-2 | o 2|y 4 | -2
- 1- -1 - i 1 ) 1
© | © o o | o
1|3 114 1|1
2 13 214 ul 2
Function: Yes Function: Yes Function: No

Note: Itis very easy to determine whether an equation defines a function
or not if we have the graph of the equation.

Functions Defined by Graph

To be function: Vertical Line Test (VLT):

Function: if each VL pass through at most one point on

graph.

Not function: if any VL pass through two or more points
on the graph.

.
L 2
Nz ¥ & % 3 =% *= j

\ 10 “g' ‘\ . /1’

\ / "

\\ ,// \\\ 5 /
5 /:‘ *
/ ' \\ ,/
\/ :

. r v C ) -10 5 p k
\.
Function by VLT Not function

Function by VLT by VLT



Example: Determine if each equation defines a function with
independent variablex

A) ‘j: 757_—\— H

Q) ’)LL%-‘AL: \G

€L \L_x*

9 =& ﬁé,yl

iy
NP

) $-x =4
4= 4
ﬂ=%\*%

k

Example: Determine if each graph defines a function

15. y

Not function

16. y

-10T

Function
Devaiw =Q

QDM%L :3

17. y

=10 10

Not function

I

Ala) Al 2l s A3
Jiialll (e g dall g Jlaall
o S Gupal) A Al



G Finding the domain of Functions

Polynomial

CenNz Aty 2x \

Domain= A\ vea\ nuwboes g

R ov (005 00)

Fraction only

L G- _9'__
x -4

Domain= \oetrewa

Q(?(e.SS\o\A % (@)
R-{plial) jlial}

Square root only

;M): e\

Domain= eXpYression
mwder yebk S o

square root on bottom

Square root on
bottom on x only

square root on top

. [ o) = V x+1
koo S Roo - %t -y
- v-_ = 2, ® HV\G‘W 'Y'oo* >/.O
V x4\
Sl e Xz0 s Bokem ¢ o
omain= expressiow o BoHom expression £ o LCJ_;
wnder Yoot $o Take fﬂl'OYSr.CJ'l'OY\ Take inters on ,
Example
Polynomial Fraction only Square root only

Foov- ¢k 3% %

Devmalw = Q = L“Ooloé)

\S
xX-3
%-3t0 = X,L3I
& Damadw 2 R-— \.33
oY
(—02,3)V (3,08)

Q(\ﬂ =

fod- Vx-3
%x-3> 0
xz D

s Dowmatn = [ 3;00)

square root on bottom

fon. _%
V-2
®-A S0 = xp>L
=z

Dewmaiw = (,‘.LloC))

Square root on
bottom on x only

Ffon= 2 _
Vi -2
s X0
) \/;—9..1:0 = /;f 2
> xpy

square root on top

P Vxan
%24 3

e Xtl 20 ‘—'}9";-4

« Xt3 40 = K{E -3

. = >
e

Nowmain = [O)'-{) U(“l, OO)




Example: Find the domain of each of the following function

Poy. 22e\G

?60: *
2E_\G
Dowmainz Rz L-00,00) x*_\6 + 0
_ — -
(2 -4) (2+4) +0 \‘”ﬂ l 3
Py % 2x+Y ov i+ -Y
2416 S Domain R , L#F 34
25 6 =0 . Teere or R- §_+LI, ,q}
s v suh . (=00,-4) U (-4, 1)U (4, 00)
K| Dcw\edm:: Q\.,_ Q—OO 100)
19y = _2
3 =Wc-9:x \/ o> — 24
l o o- 2%X Do = 1o > PR
lo-ArEa- PN E> % or X LS
= S5Z % . Dowatlnn = (-0055)
v ea - ——F
de Deavmain = (‘-MJ S]
QL‘K‘\—_ 2 1
fw;;;;;;;;;}— lo—ﬁ;(
° 1’(7/0 — ‘K;O
I x)= _%_-_ e lo-Vax #0
x>+ 2F
2+ 27 + 0 lo ¢+ V2x
3 ; 5+ % —p
= ¥ -27 sxpim | 5 F I
= K -3 v
D N = (=S 5
& Dowatn = R- -2 swain = Ley5) v (5 w)
(- 00, -3} V(-3 0)




Q Find £(6), f(a), and f(6 + a) for f(x) =

a Evaluating Function

15

x—3

@) Find g(7), g(h), and g(7 + h) for g(x) = 16 + 3x — x°.

© Find k(9), 4k(a), and k(4a) for k(x) =

SOLUTIONS

(A)  f(6)

15

6 -—3

15

fla) = —

f(6 + a) =

B) g

g(h)
g(7+ h) =

(©) k()

4k(a) = 4

2
V9 — 2

a—3
15
6+a—-08

15

3 +a

2
Vx — 2

16 +3(7) — (7) =16+21 —49=—12

16 + 3h — h*
16 + 3(7 + h) — (7 + h)?

16 + 21 + 3h — (49 + 14h + h?)

37 + 3h — 49 — 14h — h*
—12 — 11h — W

2 8

Va —2

k(da) =

2
Vdda — 2

2

T 2Va -2

Va— 1

Remove the first set of parentheses
and square the binomial.

Combine like terms and remove the
parentheses.

Combine like terms.

V9 = 3, not 3.

V4a = V4Va = 2Va.

Divide numerator and denominator by 2.



Evaluating and Simplifying a Difference Quotient

For f(x) = x* + 4x + 5, find and simplify:

J&x + h) _f(x),h ”

0
h

(A f(x + h) @B f(x + h) — f(x) ©

SOLUTIONS

(A) To find f(x + h), we replace x with x + & everywhere it appears in the
equation that defines f and simplify:

fix+ h)y=(x+ h)?*+ 40+ h)+ 5
=x*+2h+h +4x+4h + 5

(B) Using the result of part A, we get
fx+h) —fx)=x"+2xh + i +4x +4h + 5 — (x> + 4x + 5)

=X +2h+h +4x+4h+5—x>—4x — 5
= 2xh + h* + 4h

fx +h)—flx) 2xh+h*+4h  H2x + h + 4)
h ; h ; i

(&

=2x+ h+ 4

(AN
graphing)

( function




Graphing Functions

Intercepts of a function

Finding the domain &Range from a

graph

B

Identifying increasing & decreasing
function

Linear Function

Il ~)

Piecewise Functions




Graphing Function

Intercepts of a Function

y or f(x)
A
y 534 (4 £ shiall ¢ Jall (X/ y) or
yintercept | (0 1(¥) /¢
(e=sy \[ )

Ly or f(x)
|

> X

\ X 2554 (4 £ shiall ¢ 5ad)
x intercept ( 4y=o)

u- 3K
2%+ S

Example: find the domain, x intercept, y intercept of OOz

So\u\ie\/\ |

= v =-S5
2
:\ S ‘\ = - -i
Neowmaln R SL -
= 00, -2) V(S 09)

¢ K- '\v\f\-crceQ)r LYy =o)

Q= U I
3x =Y
= HEL &
> K= =

o - '\V‘\‘me?\- (%=02)

Y‘Qs): Y - 3Le) e i__
2 15 5




2 Finding the Domain and Range from the Graph

A0 il s i ) o (%)
4 ey Akl iy

a
W Domain f = [a, b] Domain f= (g, ) ¢! sl O (sl ol
Range f = [c, d] Range f = (—o, ) Sl Cuis 099 s
(a) (b)

Example: Find the domain and range for each graph

f
y or f(x) i’or f(x) Xor ®
! 4 3 _
\ AT = ) TN
. \ 3 6 | —d 1 NERI o ' N 3 [
\ -1
y = F()) \ \)

1 1 1, %\,_ 4 P
Vowai vy, = ('3) é] Dowmaini = (-4, 5) Dowain = (._oo, S‘)
Range = [-5; y) Rowge = (-4,3] Ronge = €4, 3]

F(= -9 )= $»=o
WL % Find the domain and range for the following graph
Bl Sy, R, L.
) dag) ¢ Gl
y or (9 ) Sl (sa Jlnall
A
T , Donutin = (-35 &
\ Rﬂ“j'c [‘6:‘3
\ 3 6 | o
-3
\ F3)= 5
y = () :
+5 P(é/: - 3

F(4)-=



&) Identifying increasing and decreasing function.

2<LB
5 - a> _
§ (354) >
Constant 3 -
(v}
T T T I
12 13 5
Decreasing
(5,-5)

-:v\cxmsiv\a =

Decxea &‘\V\s °
CQV\SL"W\\' %

%<k =3 P < koo
K L% = \1C7f)>$($g_)
e <L S boe) = Py,

£(X)
‘ rA
‘ o J
\
f(x) = —x3\
¢ 7&5‘—\
3 5 X
\ ‘l’-»g
\
L
!

Decreasing on (—, ©)
(a)

(=
]
-N\

~
~N
L ¥
~
~

C-2,4

Loy )

-
-J

Decreasing on (—, 0]
Increasing on [0, =)

(d)

9(

X)

+5)

U
~
b

g(x) = 2x

/

=5

Increasing on (—®, )

Constant on (—», ®)
(c)



& Linear Function

GRAPH PROPERTIES OF f(x) = mx + b

The graph of a linear function is a line with slope m and y intercept b.

f(x) f(x) f(x)
A A A

™~ A EA

b

» X

m<20 m=0 m>0

Decreasing on (—x, x) Constant on (—, ) Increasing on (—o, ©)
Domain: (—, «) Domain: (—, ) Domain: (—c, =)
Range: (==, =) Range: {b} Range: (—, x)

ﬁ Piecewise-Defined Function

Functions whose definitions involve more than one
expression are called Piecwise- defined functions

Example:

The function f'is defined by

(4x + 11 if x < —2
flx) =43 if—2=x=1
—3x + 3 ifx > 1

\

(A) Find f(—3), f(=2), f(1), and f(3).
(B) Graph f.

(C) Find the domain, range, and intervals where f is increasing, decreasing, or
constant.




Piecewise-Defined Function

SOLUTIONS
(A) For x < =2, f(x) = 4x + 11, so
f(—=3)=4(-3)+ 11 = —1
For =2 =x =1, f(x) = 3, so
f(—2)=3 and f(1)y=3

For x > 1, f(x) = —3x + 1, so

(B) To graph f, we graph each expression in the definition of f over the appropriate
interval. That 1s, we graph

y=4x + 11 forx < —2
y=3 for 2=x=1

y=—3x+1 forx > 1

N|=
NN

—> X

(®)) Domain of f: (—o, —2) U -[—2, ll U (1, ) = (—%, )

qu\ﬂcs . (_00 ) 3,]
\:ivxcreaswg on (<00,-2)

decreasing oo (15 p0)
Constadit ot C_2,1]



Even and odd Function

Algebraically: A BwmeMon is

Even: p\g ‘-L—oe\: Qbﬂ
odd : R Rew = - Voo

Graphically:
Even PU\V\Q«‘\{DY\l Suwwv\e 3\-'\";2 \Qr\"\"\ '(ES?QCA‘ —\c 3 O\‘ﬁ‘\S.
Odd ?\«v@}ﬁo’r\: S:Smme«\-'r\e Wil TeS?en:\- 4 o\ \ .

Enovmp\en So\w\"ibY\ OwmentS.
o = ’&z\-\ e = L—’!C\l{-\ 31‘){51%\ — Ty A6 VB,
VRN A=) o\l AN A\ A 5)
T Add O3 ywas CGYY A\ AN~ s
z.‘\:bc) 2T 2 O -

c =)l ko O Ak

S~ Roy iy evem

3 S ,»AAL.V\\(SH»}\W:;\S V30

Pm: Ly R Q(—ﬁ) = C—x\ ,\_(_*) 7 ‘:’ "w' 3.5

Q u¢\>)_\3\_§$§:a$v *JZ(:?)JS

=TT * -A‘-_),-’J"‘ o\ At AL G\
3

= -( € xx)

== ; (x)
N ROD VS OAA

W - . -
N =¥ = - C T s\

4 - . - - . .
= X -3% AP N5 Ams ST M B G235
£ Foo

_fe= - _2x

+ § 0O

N ietwer




Eaamles < iomS CommerntS.

Res) = | =\ S = =) = L) = e
tien

e - V? ‘F(’ﬁ)=J: -#‘?Cs)
-?(':n) S - /X— '# F(‘x)
N ikher

TGx)= \X\-\ FEx) = \-=\ _\ \ /
= =\ _\ _

5 \'{/ 5
- Pbﬁ)
Even . )
A?L:ﬂ: - tL-y:)=_L—'s:\.___-tCX)
odd
Qe)mﬂcr\iz
| E/E = FE
e E % // T
Q0 =0 Oxo=Ft HeT

E 20O :N'\‘\\/\E’f Ex0-=C E/O il



Even, Odd, or Neither Worksheet

Determine whether the following functions are even, odd, or neither.

1. fx)=4x-3

1

2. f(x)= <\ +\ 3. f(x)=-x>— 4

N e e o S

10 -8 6 4 -2 2.4 .6 810

NiWer Nen een
5. f(x)=7x 6. f(x)= Jx+5
4. ()= x*

1

SRS N

A0 8 b 4 - 2 4 6 810 A0 B 6 4 2 | 2 4 6 810

T2
n
6
8

10

odd o da\ Nther
Even odd  Cienm odol  Evemn
5 S r t 1
7. f(x)=3x 8. f(x)=xs—2 9. f(x)=3x+ 4
fex)= 3¢wt £ = (—1:3\ -2 Ty s 3wy ay
=3 =-%-1 = -3m 4y
- FM E ] F OO * tt*)
-Fo: - (2-2) -V - (3 ay)
ENen 3
= ¥ a9 = = 3% _q4
+ B(o £ ¥ ),

Neiline NQ.'\M .



e Even odd  evem

N
10. f(x)= xtsQ 1. fx)= 10k + 5T 12. fx)=2(x+1F
LV (-x)- 8| FE® =\ot-5) 45 Fo =2 (¥ rawe ~2)
eV e oécx
= 5% _ - AR *"\
s £ L
= Resy P2 2-w) Ay (-x) Ay

- = -Q
Ln: - Gexxy) = 255w a4y

tven
= N\ew-5 * F(*)
# CQoxy
Niekher -R0a9= - (axaax )

= = A MW =Y
2 Lo patvhes

Multiple Choice Questions
1)- Whic of e t-\\oua\us fackion e wallher evew mor oddl .

) ta=1 ) "oeva x ) A\ d) F o= I
2)- Whidh of e Q.\\o\-ha% Funchion 18 om odd Qunchiow.
0) Fu: 348 B foo= xt &) Reae o d) Ren- zxg

V. e Tum chiown S ON: S s an even Mﬁ)‘(e\;\.

a). :" we \:\_ ‘:\\3 e
edd
= . S =0
4)-  “We Qumchiow § s - \s 3
o\ on

N evew L)- odd - NWer



Quadratic Functions

ﬁ Definition and properties

& How to convert from vertex form to
standard and vise verse.

& Find the equation from Given
properties.

) Solving quadratic inequalities




Quadratic Functions

Quadratic function: Any functions that contains an * term.

Standard Form : § ()= a4 ba+c

Vertex Form

s> A%xo

. (:QX\ - a (’X—\n\z* K , %0

Jalailf baa iyl
SAxis of M\;i?e):l/m @A.B.C 2‘.4,'@

¢ The graph of a quadratic function is called Parabola. L f
\ |
(U shape) \ / //

o7° f N\

\ / R

\ II / \x
[

Ao daid k0

Vertex/Minimumi ‘ / 1

Type of Form

Vertex Form

General Form

Yoz @ C"C—‘/\Bz-\-\(

Decreasing
Intervals

Properties ant, b’L A C
-b
Vertex (h, k) (-’9% b ¢ CE\)
Axis of -b
Symmetry xX= l"" ¥ = Yy
Domain ®-= (—00, 00) R- (-00 9 003
(00, K} & @ —0, F(zk o
Range J (0 ( p, L 'Lq\ ] 9 a
Lk, 08) iF a0 [F L%_—‘i) ) ™), %0
Open up 4 ado WP ,avo
(Up or down) dovovi 5 a4 0 down 5> A Lo
Max/Min A T e e\ Mg Pez)
ave \J min ave \J min e
Increasing and (-0, k) P Ckl 00) (-0 5 -_h.) ("_b_ ' 04)
2o 20




Quadratic Functions

Vertex Form

: Cor 2
P“’W'\"QS ™ F(%S: 2(7‘ "2) "L‘ F(.'x): - C'l‘»—e).)z.\-é
Vertex (7_) —-'—l) ( 2,6)
Domain ‘R R
Range [ ) 08) (~o0 5 63
Axis of symmetry %= -2 x= 2
Open (up or down) U’P DowvL
Max /Min Value Min value 2 -4 max va\we & 6
Increasing or InCc on (Q,, 00) Inc L-od) 2]
d .
me® | Deon (cwy2) () | Deconlam) L
I .. —
General Form
Fn- 245- 8% Y
Verten 3 ‘)Cz-.ﬁb— = ﬂ =§-=2 .DM‘V\: R
20 2.9 4
(3(-1‘%\ = F(2)= 2% _2(2) +4 » Randes = L4y 0)

= 2.4 _l¢ —l'l—\ = -‘—(

. Vertex (2, -4)

.A?GS ¢ X=2

e OPON % U—‘F
e INC on EQ(M)

dec on (-00,2.]




Sheet 1

~
ion ;

(Properties of Quadratic Funct

Real Numbers
(-4, 0) and (0, 0)
(0,0
(_21 _5)
xX=-2
Up

{yisreal:y=>-5}

Domain

Range
X-intercepts
y-intercept

Vertex

Minimum value
Axis of symmetry :
Open up or down :

Real Numbers
{yisreal:y<1}
(-3,0)and (-1, 0)

0, -3)
=2,1)
xX=-2
Down

~— —
ol &I S
m \'l N
el & 8| g g «| o €
5[ 5| § sl ol Mo W
" Zl ¢l 5l S 2 A ®| o A
T % .nh -~ I~ =Tt oI
o~ [ I [ I
| x| = | et e b
| | ~ o o I
I Lo _1_1 Lo 1 _1_1
L REEEENEREE
= e ar a Y VS S S
097G T S O A N T T R N Y O O
=/ B A s R e e e > c ~ T T T
< I [T N Ll Iy v S 2 <1 s Ll iy
SR EEEEIEE: 2 o B9 YT 2 ¥ 4
r i e ————+-d n © g ©T© = —F—t——F —== -
i ol [ L o > o i o I |
[ QUL 11 R I | oy oy e o [ L4 e [
| T g ¢ E 3 2 CI L
k- Rryf B | c v 2 2 S F- TR T I
| - o T~ I 1 © 0] o X e s) | [ L+ 1 |
= ! +——= z £ o = ] v .= o= = —= ————t+—d
Pl RN c c c X w 7 i T oo
[N - Y Y Y | [e) S - T < X o - S T Y N 7 N N SO R |
N <
0 n
. X £
—_
") 4_. o w Y
b ~ (-]
vl Al )
2 =l A Al =
gl ™ T W = 1| N a
5[ = & A LN ool M S
A 2l ¢f 5| S ¢ & * 2A
N T ol 3| 2| CTTT T T T T
RN N TN N I Y S S o nIV. ) bbb g b
—1 I -~ o o
I L_ bt Lo _1_1 LA 1
| NEREENEEE
1 N M
.. .. I
4 el
I c R o
i 4_ v £ % P,
| =} [} o T [
F - n e g © - —F—t= b.\.\}H.mll.l._
_ “' b b= > m 5 “I "I _ NN In L
- - S & E 5 a RN
F 7 £ Y ¥ 5 2 35 F- |_||4|APJ -
| | | © <)) () [J] e o | [ ~L_!
=+ B £ o) =} = = < - S s gt o é
ol o I c c c c v ] R o
el L bod L1 ] o s - T = < Q S S - N S M
= ™

Find the properties of each quadratic function.

Domain

Range
Open up or down :

X-intercepts
Y-intercept
Maximum value
Axis of symmetry :

Vertex

Printable Math Worksheets @ www.mathworksheets4kids.com



How to convert from standard form to vertex form

E')LO\MQ\C - CownNert ‘\’ke c‘o\\aua‘\m% Q\y\mc\m\*'\c ES\:AO\\*\::V\S ;‘(QW\
ko orr &\ R-QM\.Q vertenc torwa

e Ny 34182 +5

CL = 3) %:llz

K= ';\_o— = C-1=) = _@_ - 3
AC 2.3 2
F(3)= 3(3)°_|8(3) +S = - 22

;o Nerkes L (3, -22)
Z
For= a(x-h) +K

Z
= 3 (%_3) — 22

How to convert from vertex form to standard form

El)(,o\w\?\e < CownN 2)(“\' ‘\\\Q Fo\\aw\vx‘& Q\y\mclm\"\c Eﬂy\%\"‘\.@w% ;*CQW\
vetert forwi Ao fdowmdord Sevrwm.

o« Coxy= Lx-k\)l-\

= (X - A\ -\ = w* _R% x\S
e Fi) = 2 ( 2+ 3

= 2 (X x6%4a)_3

2% \2% 4 18-3

(l

= ‘l’)éz-\— 22 + |5



V’MA e Qc\_m‘c‘xevx cQ— a Owae\m\w. Q««wz}wsv\ 5(\1\0& %‘A\'\S&t the
3Wven Properties

Properties Equation

Pa-a (x_3)_2

% intercePt i = FW\) = o

o % intercedt:y = alt-2)-2 =o
(490) 4 a-2z0 = a=2

o'\’ﬂ‘l‘ey pe ng ‘2)

2
LB 2 (x-3) -2

s Vortex 2 ( 4,-2) fFoa- a L%-H)L, 2
. Y inkercept o 2 g mtercedty Cd= 2
(0)92) = @ Lo—\'\)z _ 2 =92

:} \QQ :‘i-\-‘).
= \GOL:"\-%Q:L‘L:_L

\6 4
= Foa- _&\,(q&_q)l_z_
. Yertex 3 (=35 -] Cex): a (« 43)2'.'—(
. addhional Peink (1,60) (1, 60) = B Y = €0
2

= Qa (l+3) -4 = 6o

= léa = 6y

= = Y

o ROz 4 (xe3) 4




ailal) daall (o dalas (51 Jad

Solving Quadratic Inequalities

o _bx \/me_bl

Qo\W * 45 2 >\ oY

¥ _ o —la> 0
wr_ A —\A=o0o
(X _u) (x+3) =0

= A« =Y oY %:—3

. ‘é——‘ —

..3 ‘_\

(= 2 -3)U (4, »)

e\ 2 Qéz' _UxX =

X" _yg 12 o

" Y -4 =o

——

(-4) x> \/‘-l W (-H) -4 *
20)

= ..'-fil/?r’_z.' P Y
Z

2-
2+3V2  ad 2_3/Z
£ —>

2_3\2 2+ 3Y2

¢S

(=0 52-3(2) 0 ( 2:3V , 1)



Operation on Functions

@ Definition.
2 Composition.




T Operation on Functions

> DEFINITION 1 Operations on Functions

The sum, difference, product, and quotient of the functions f and g are the
functions defined by

Sum function (/' + 2)(x) = f(x) + g(x) D: A(\G
Difference function (/' — g)(x) = f(x) —g(x) © 1 A (AN}
Product function (f2)(x) = f(x)g(x) - A MY

Quotient function (g)(x) = jg% gx) #0 B; 1 X e Af\g 5 9 (‘A\toﬁi

Em‘“\?\ﬁ 1—: \&’L Tx) = ”41_3 ‘\"\ﬂl OX) = AX D , gkv\c‘ Q-\-%;
-3, ©3 5 &9 and their domain.

o (E+NG) = Cu) & A )
= & _3 4 2% .5

= X ia xS A=D(EY= Rz L-00,400)
ADRAY = AN R - (-0, 00) B: DAY= R= -00)00)

® N - (—-004p0
(F+\ ) = Bx) = A X) A ? )

S % e s T e e R

= ')47'-3 - (22 +5)
= ’%L..3- ax =5

= %z_ix __8

S>DE-3)Y=AN Q- (-02,00)

o (09) () - Cxy I

— (2 -3)(2x45)

3 (2
- 24 +5% _ L% -\5

s D9 Y=ANQ - L-w,oo)



Rex)

- (£ = L - R -
(5) o = A=D(F)= Rz G005 00)
> Bz D(S\z‘R: L—'OO,ob)
_ %3
IVto0 = aAr+5F0 —00 0d
= %% -5 = D(F/a):-1xe R, 900+ -l}
= %Kf == 3

p -
= R-12§

Example 2 2 et T&) = V 42 amd &) = V310 5 Rand \‘-*3 R
-3, C3 5 &9 and their dowmain.

o (B ) = Ee) & B )

A A= D) 2 4-¥>0
4> % = 2y

S D(F+d)(v)- AN
B e DIRF= (—o00 4 u ]

= -3 q
L-3,4] B=D1): 3+% 2o
®© z2-3

DY - [(-3,00)
o (F-N ) = Co) - A W) g

= 4-14_\/-3?4 ) [ ]

-3 4

SD(F-9)(v)- ANR
= [—3)"‘]



(89) #) - Cx) I

= Vu-« Y 3+x

\/Gt—x)ZSj-X)

(

= \Fﬂl 44X 3R K&

= J(Q—}%—’Kl

$JD(PPN=(xv)- ANB = [-3,47

’ %\L’M : (W2%) A= D) 3 4-%>0
Ax) 4> % = xgy
1 e e DR (00, 1]
VIox B=D@B): 3+ =
*Lz-3
=\ u-# 0= [-3,0)
S+ %
o S
D (?): ixe AAB) 3(.”()40?] _£ :!.\

= 2’1’6[’3)"‘]) 3*7‘?03
=t re [-341, az;t—-ﬁ
- (-3,4]



Exawle 3 2 Let Fed = X and gey= 24 .

w—\ *xd

F{vsA the Sumedt oW % and Cind 1% 2 dowmoiw

- = - =

% (¢ +3)
() (x-d)

A= D® - Ry, B-D®) = R 1-33

o~ )
||||||| WI | | | I\VI | | | | |
_3 1

gV (Vx4 o0
= x4+ 1 or x=H4

D). Ixe R-%3,0Y 5,904 4,47

= i?’aéR’i-B,i;"\}}



4 Compostion

> DEFINITION 2 Composition

The composition of function f with function g is denoted by fo g and is
defined by

(fog)x) = f(g(x)

The domain of fo g is the set of all real numbers x in the domain of g such
that g(x) is in the domain of f.

How to find the domain of the composite function

Step 1: Find the domain of inside function. If there are Bl Al 4l Jlas a5
restrictions on the domain, keep them. Haa p asas dlua plssly

Step 2: Construct the composite function. find the domain dagllall Jranilf dalany a i
. : F g oS dailall Alall Jlawe s 939
. of this _new function. If there arc_e rc_estrlctlons on PN
this domain, add them to the restrictions from step 1.  ..sast sguau aists 2 sga
\ 5 ghaddl o

Exowaple 1 ¢ Rwd ?@3 (¥) andd s dowaim Sor eaclh R e co\\ow'ws

QVN\Q:\\\OV\Q ‘©
® tm: XFL-\-?. s AN = \/3—'2.

(Fe3Ved = Fl3am) = (Veu )z+z

&
- 3-% 2
DE): 3-zx>o
> 3z * = 65_-% Dowaivi =R | wsuasy

Al S D (B9 v (00,37




Examgle 23 (0) Fnd Foy and 9o omd the dewoln of eacha,

whwere QC*K'\ = ﬁC_ W\A 3&\ - .1—
-\ K
3 (%)
o Teg )= B(300) = i3
L A (%) -\
C
D) - R-1e} - = _ €  x
——— 2~ A 2
IVCRETS —
X
- —é—— O aomain o Q_"LQ} 248 4 g
2%

oo Daweaton £aq o R- 1o, Q}

e Jof () - j((:(ﬂ)

{

v
Q- 1\3 =

S Dowain 3B L R-1e;13

(b) cowapute (%63 (U)
&

—

2-K

S
S _

R Q;°3\ o) -

——

(e (W)= o

s (%bg) ) = 2.(x-\)
3K

2(2-)
32

L Qe R) (D)=

x
2 . %

2

(2%)

-\

—

-

Doweain 3 Q_i_o'ls

awnal Q5° ) )

a b8



Inverse Functions

One to one function : A owe_\o —one Funedionn 18 a funcXen
Lshere eachh wpuk (X _ualue) Wog o, W\ing_xe
owkPut (B-vaue)

E“/@M?\E- « Determine if each the following function is one to one
t= {(79 3)9 (89 _5)7 (_29 11)9 (_69 4)} s ene _Yo-ane,

h={(-3,8), (-11,99), (5, 4), (6, M)} 'S wkone_do_one

Is the Function a One-to-One Function?

Horizontal Line Test (HLT):

One-to-one: if each HL pass through at most one
point on graph.

Example Determine if the function f(x) = —%x + 2 1s a one-to-one function.

fLba= - %\—'X%i LGN = gu’)Lq A4 C 6 = \’:\

\ 1 i« jt A | bl ’
Y=
K El N R\ /\ 2

X

> —— i i ——
A X
\\ B 1
T 4 3 2 19 1 2 3 4
-3

one _4o one not one ~to-one hot one_to-ort

“ N W s

o

N




@ Finding the inverse of a function

A) Inverse of order pairs function

—
IFF (s aove_to-ane Si\L—_ 1 (%) 2 (29T WME S

TE £ is not oweto-ome = £ dees nok oxisk.

Eaample 2 For eacln of the Fo\\am\wa Buamckion Qiad £,

= LD, (oe) , (3@
T 'S nek one _ro _ove s ?G\ does \n.o‘\‘ ex‘\s\--
fge » i (431
F= CHLba) |, (2,4}, (3,4) §

T s owe-Yo-owne 5 et - 1 C21) , (W) ,@\ .S\}

Dowain &' _ ta,44,9f = Ravqe & .
Rq"‘-ﬁe— P-«!__ 1‘).1‘ c_\}g Domain ?

B) Inverse of the equation function

xV= AR-5
= %x-
Step 1. Change {(x) to y. 3 =S
X =924_65
Step 2: Switchx and . j
X+S = ?~j
Step 3: Solve fory.
Y= %é_
Step 4: Change y back to ' (x). P"C\q | A +S




o Metod 2 ¢

JS9 el Gy dulas S Jgai o)
LSl g 7kl pan dgles
o ) (uSad Y

z (v —2)/3 +F

L x3 T =3

3x xr— 2

! + 2 1 — 2

3T + 2 T
1 T — 2
fi@) ==,

Remaxk 2 Domsinof £ = Rovge oR C.
Qc’w\ae o Q Q"\ - DQW\O&\V\ QQ g.
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Deciding If Two Functions are Inverses
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Exponential and logarithmic Function
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@ Properties of Exp. and Log. Functions
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.! How to solve Exp. and Log. Function Equations
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Examples on Exponential Equation
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Examples on Logarithmic Equation
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Right Triangle:
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Introduction to the limit
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